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^ (54) Title: PROCESS AND APPARATUS FOR REMOVAL AND DESTRUCTION OF DISSOLVED NITRATE. 

— (57) Abstract: A process for the removal and destruction of dissolved nitrate from water, which comprises a removal step where 
nitrate is eliminated from said water or effluent in the form of a more concentrated solution thereof, and a destruction step where 
said more concentrated nitrate solution is subjected to an electrolysis operation for nitrate destruction by electrochemical reduction 
thereof, the electrolysis operation being performed in several cycles in a divided cell with anolyte and catholyte compartments, where 
said concentrated nitrate solution is initially used as a catholyte and spent catholyte is then used as an anolyte. An apparatus suitable 

1^" for performing such a process. 
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Process and apparatus for removal and destruction of dissolved nitrate. 



Technical field 

The present invention is within the field of- nitrate removal 
and destruction, especially from ground water and effluents of 
different kinds. More specifically, it relates to a combination 
of a nitrate removal step and a nitrate destruction step, last 
mentioned step being performed as an electrolysis operation in a 
specific type of cell and with specific electrolyte regenera- 
tions . 

Background of the invention 

The pollution of ground water with nitrates as well as ef- 
fluents containing nitrates is a great problem all over the 
world. In this context, a first goal is to obtain drinking water 
from such waters or effluents, where the current nitrate concen- 
trations limit for potable water set by the European Environ- 
mental Agency is 50 ppm, and a second goal is to destruct ni- 
trates into harmless species. As an example of a process for said 
first goal the use of ion exchange resins can be referred to, and 
in the latter case the biological way is the most important and a 
regeneration of nitrate into nitric acid is rather common. 

A method for the combined removal and destruction of nitrate 
ions is also previously known from US 5 306 400. However, said 
method is performed fundamentally different from the present in- 
vention in that an anion exchange resin has been incorporated 
into a central compartment of the electrochemical cell. As spe- 
cifically stated in col. 1, lines 57-59, of said patent specifi- 
cation the method disclosed combines the benefits of ion exchange 
and electrodialysis . 
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The present invention represents a very simple and efficient 
alternative technology for accomplishing removal as well as de- 
struction of nitrates into harmless products. 

Description of the invention 

According to a first aspect of the present invention there 
is provided a new process for the removal and destruction of dis- 
solved nitrate from ground water or aqueous effluents containing 
the same. Said process is especially advantageous in connection 
with the removal and destruction of waters or aqueous effluents 
containing nitrates in low concentrations, such as at most 500 
mg/L. 

The process is based on a combination of a removal step, 
where nitrate is eliminated from said water or effluent in the 
form of a more concentrated solution thereof, and a destruction 
step, where said more concentrated nitrate solution is subjected 
to an electrolysis operation for nitrate destruction by electro- 
chemical reduction thereof. An essential feature of said elec- 
trolysis operation is also that it is performed in a divided cell 
with anolyte and catholyte compartments and in several cycles and 
that electrolyte from the first cycle is utilized in a specific 
way in the next electrolysis cycle. Specific regenerations of 
electrolytes are also advantageous and preferable embodiments of 
the invention. 

More specifically, the process according to the invention 
comprises a removal step where nitrate is eliminated from said 
water or effluent in the form of a more concentrated solution 
thereof, and a destruction step where said more concentrated ni- 
trate solution is subjected to an electrolysis operation for ni- 
trate destruction by electrochemical reduction thereof, the elec- 
trolysis operation being performed in several cycles in a divided 
cell with anolyte and catholyte compartments, where said concen- 
trated nitrate solution is initially used as a catholyte and 
spent catholyte is then used as an anolyte at a later stage of 
the electrolysis operation. 
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The first step of the process, i.e. the nitrate removal 
step, can be performed in a manner known per se. Examples of 
preferable technologies in this respect are ion exchange, elec- 
trodialysis or reverse osmosis operations. An especially prefer- 
able operation is the use of an ion exchange process, e.g. by 
means of an ion exchange resin. Details about such operations can 
be found in the prior art . 

The electrolysis operation is performed in a multiple com- 
partment, preferably a two compartment, electrochemical cell with 
discrete anolyte and catholyte compartments, respectively. Gener- 
ally, said divided cells are accomplished by means of cation ex- 
change membranes. Examples of membranes to be used are the com- 
mercially available membranes Nafion 350, 127, 324, 450, CMV, CMX 
and ARA. 

The electrodes of said cells can easily be selected by a 
person skilled in the art. Examples of electrode materials for 
anodes as well as cathodes are nickel, platinum and platinised 
titanium. Copper, lead and graphite could also be mentioned as 
cathode materials. Further details about electrode materials will 
also be given below. 

The reversal of anode and cathode reactions, respectively, 
for the cycle following the first cycle can be accomplished ei- 
ther by reversing the polarities of the electrodes after said 
first cycle or by redirecting the anolyte and catholyte to the 
catholyte compartment and the anolyte compartment, respectively, 
in said cycle following the first one. 

In addition to those cases of the present invention, where 
catholyte from the first cycle is reused as anolyte in the next 
cycle, said spent catholyte from the first cycle could also ad- 
vantageously be recycled to the first removal step where nitrate 
is eliminated from the water or effluent. Advantages in connec- 
tion with such an embodiment of the invention are for instance: 

supply of a solution for the next cycle without an extra en- 
ergy spending; 

nitrate reduction products and unconverted nitrates are not 
discharged/ 
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the anolyte is not contaminated and can be reused as flush- 
ing solution for the first removal step. 

According to another preferable embodiment of the process 
anolyte from the first cycle is recycled to the first removal 
step for use in a regeneration of the removal step means. Accord- 
ing to another preferable embodiment anolyte is recycled for new 
use as anolyte in a later cycle. Advantages in connection with 
such embodiments are: 

easy to control ; 

anolyte can be regenerated when the electrical conductivity 
is too low; 

reduced risk for contaminations of removal step means; 

better process economy concerning nitrate reduction per se. 

More specif ically, one embodiment of the invention is repre- 
sented by a process wherein said concentrated nitrate solution is 
used as a catholyte for a first cycle, spent catholyte from said 
first cycle is used as an anolyte for the next cycle and spent 
anolyte from said first cycle is used as a catholyte in said next 
cycle . 

Another embodiment of the invention is a process wherein 
said removal step comprises an ion-exchange operation and where 
after a first nitrate reduction cycle a major part of the spent 
catholyte is used as the anolyte in the next cycle, a minor part 
of the spent catholyte is recycled to the ion-exchange operation 
so as to remove nitrate from a prior removal step therefrom and 
spent anolyte is passed to the ion-exchange operation for use as 
a flushing solution for the ion-exchange nitrate removal step and 
then as the catholyte in the next cycle. 

According to another embodiment of the process the change 
from catholyte in one cycle to anolyte in the next cycle and the 
change from anolyte in one cycle to catholyte in the next cycle, 
respectively; is accomplished by recycling thereof into the oppo- 
site compartment in said next cycles. 

Still another embodiment is represented by a process wherein 
the change from catholyte in one cycle to anolyte in the next cy- 
cle and the change from anolyte in one cycle to catholyte in the 
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next cycle, respectively, is accomplished by a reversal of the 
polarities of said compartments, respectively. 

In addition to the above-mentioned embodiments of the inven- 
tion a preferable embodiment of the process is a process wherein 
said removal step comprises an ion- exchange operation and where a 
reversal of the polarities of said anolyte and catholyte compart- 
ments is performed during the nitrate reduction cycle. 

Some interesting alternatives of the process according to 
the present invention can be summarized as follows. 

One alternative is represented by the case where the nitrate 
removal step is performed as an electrolysis operation and where 
the major part of the spent catholyte after a first reduction cy- 
cle is used as the anolyte in the next cycle, while a minor part 
of said spent catholyte is used to remove nitrate from the previ- 
ously used ion exchanger. In this context it should be noted that 
the terms "major" and "minor" are used in their commonly known 
senses, i.e. generally above 50% and below 50%, respectively. Of- 
ten, however, "major" is represented by above 60%, above 70%, 
above 8 0% or even more. 

According to this alternative the anolyte is neutralized 
during the electrolysis operation. The spent anolyte serves as a 
flushing solution for the nitrate removal from the ion exchanger, 
which in turn means that it becomes the catholyte in the next 
eletrolysis operation or stage. 

A second alternative, when an ion exchange operation is re- 
ferred to, is represented by the case where after the first elec- 
trolysis operation or cycle the polarities of the electrodes are 
switched or the two eletrolytes are redirected. This means that 
spent catholyte will then become the anolyte in the next stage. 
The spent anolyte, which is free from impurities, will in turn be 
used as a catholyte in the next stage. In connection with this 
alternative it should also be mentioned that a redirection of the 
flow should be necessary only when utilizing cathodes which are 
dissolved when they are operated as anodes. 
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The volumetric changes during the recycling process can be 
overcome by a flushing of the ion exchanger with water to regain 
the original volumes of the electrolyte containers or tanks. 

A third alternative when an ion exchange operation is in- 
cluded is a process where the polarity of the electrodes is re- 
versed before the first electrolysis cycle has been completed, 
i.e. during the nitrate reduction operation. By this alternative 
one makes sure that the anolyte remains impurity free throughout 
the whole process. Unlimited numbers of cycles can be performed 
without any contaminations of the ion exchanger. 

Furthermore, such a regeneration procedure is very advanta- 
geous from an economical point of view, and moreover, the cell 
voltage remains stable during the whole regeneration procedure. 

A fourth alternative is represented by the case where the 
nitrate removal step is performed as an electrodialysis or re- 
verse osmosis operation and where the effluent from said opera- 
tion is passed into the catholyte compartment of the cell for 
electroreduction. After the electroreduct ion step the polarities 
of the electrodes are reversed. In this way the anolyte can be 
regenerated. In addition thereto, the impurities which are accu- 
mulated in the catholyte could be oxidized. The spent catholyte 
will then be discharged. As an anolyte from the beginning of the 
process a pure alkali metal (preferably sodium) hydroxide solu- 
tion can be utilized. By the way, such alkali metal hydroxide can 
be used as an anolyte also in other alternatives or embodiments 
of the invention. 

A fifth alternative is also represented by the case where 
the nitrate removal step is performed as an electrodialysis or 
reverse osmosis operation but where the anolyte and catholyte are 
redirected into opposite compartments after the nitrate reduction 
has been completed. The spent anolyte will thus become the catho- 
lyte and the spent catholyte will become the anolyte. The first 
cycle will then be finalized when the regeneration of the two 
electrolytes have been finished. 

As to electrode materials for use in the process the follow- 
ing could be added. In cases where changes of flows or polarity 
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reversals are utilized after the first nitrate destruction cycle 
has been completed especially preferable cathode materials are. 
Pt, Ni, Cu, Pb, graphite, Hg, stainless steel, Hastelloy or Ti 
while preferable anode materials are Ni, Pt/Ti, Nb, Ti or Pt . 

In cases where polarity reversals are made during the ni- 
trate reduction operation especially preferable electrode materi- 
als are Pt , graphite, Ni , Hastelloy, stainless steel or Ti as 
cathode materials and Pt , Ni , graphite, stainless steel or Ti as 
anode materials. 

According to another aspect of the present invention an ap- 
paratus which is useful in the above-mentioned process is also 
provided. In other words, an apparatus for the removal and de- 
struction of dissolved nitrate from ground water or aqueous ef- 
fluents containing the same, according to all aspects as de- 
scribed in connection with the process, is referred to. 

The apparatus according to the invention comprises a sepa- 
rate nitrate removal unit and a separate nitrate destruction unit 
in the form of an electrochemical cell divided into anolyte and 
catholyte compartments by means of a cation exchange membrane, 
which units are arranged such that nitrate enriched solution from 
said removal unit will initially enter the catholyte compartment 
of said cell, the apparatus being provided with means enabling 
the use of spent catholyte as anolyte later on in the destruction 
operation. 

According to a preferable embodiment of said apparatus the 
nitrate removal unit is selected from ion-exchange, electrodialy- 
sis and reverse osmosis units. 

As to the ion-exchange unit it preferably comprises at least 
two ion-exchange columns or groups of ion exchange columns ena- 
bling the use of one column or group of columns for the removal 
of nitrate while the other one or the other group is regenerated, 
preferably by electrolyte from the electrochemical cell. 

Further details concerning the apparatus can be taken from 
the description of the process, according to the general descrip- 
tion thereof as well as according to the specific examples 
thereof . 
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Figure 

The Figure schematically shows one embodiment of an appara- 
tus for performing the process according to the invention, viz. 
where ion exchange columns are used for the removal step. 

The apparatus shown in the Figure includes the following 
elements: a hydraulic pump A, ion exchange cartridges B (group 
1) , ion exchange cartridges C (group 2) , a captor D, a hydraulic 
circuit E and an electrochemical cell H with an anolyte compart- 
ment F, a catholyte compartment G and an electrical current sup- 
ply I, respectively. 

Said apparatus works in the following way. Ground water is 
pumped by means of the hydraulic pump A and passes through the 
first group of anion exchangers B, nitrate ions present in said 
water being captured by said ion exchangers and replaced by hy- 
droxide ions. The feed from the ion exchangers is controlled by 
the captor D (a specific electrode or an UV spectrophotometer 
cell) as concerns the nitrate level. When the first group of ion 
exchangers B is exhaused, the ground water is directed to the 
second group of ion exchangers C. 

The first ion exchange group B is regenerated with a sodium 
hydroxide solution from the anolyte compartment F or the catho- 
lyte compartment G by means of the hydraulic circuit E. Nitrate 
is removed and replaced by hydroxide ions. Then said ion exchange 
group is flushed with ground water from A, and the resulting so- 
lution is passed into the catholyte compartment G. 

The hydraulic circuit cell E is on, and both solutions, viz. 
catholyte and anolyte, feed the cell E, which is divided by means 
of a cation exchange membrane. The current suply I gives a con- 
tinuous potential difference across the electrodes. 

Nitrates are reduced at the cathode, and water is reduced to 
give hydrogen gas and hydroxide ions, which are combined with so- 
dium ions coming from the anolyte through the cation exchange 
membrane. On the anolyte side water is oxidised to give oxygen 
and protons, which neutralise the sodium hydroxide. After a com- 
plete nitrate reduction, and optionally a regeneration of the 
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electrolyte support in a batchwise mode, a high concentration so- 
dium hydroxide solution is ready for the regeneration of the sec- 
ond group of anion exchangers . 

Examples 

Two different experiments were performed in an . apparatus of 
the type shown in the Figure. The process parameters used were 
the following: 



Active surface electrode: 


40 0 cm 2 


Current density: 


1 kA/m 2 


Electrode gap: 


8 mm 


Electrolyte flow: 


9L/min 


Linear speed flow: 


0,5 m/s 


Membrane : 


Naf ion®350 



The electrolytes of the anodic and cathodic compartments had 
a volume of 10L each. The anolyte was 1,5M sodium' hydroxide . 

The pressure on the cell was maintained at 0,2 bar, which 
provides a constant flow of 9L/min in each compartment. The tem- 
perature of the electrolytes increased after a charge of IF/mol 
had passed through the cell and was stabilised at 45-55°C. 

The 2M sodium hydroxide solution, which was used to remove 
nitrate from the ion exchange resin, will be diluted after the 
rinsing of said resin. A composition of the electrolyte which 
will serve as a catholyte is [NaOH] = 0,2M and [NaN0 3 ] = 0,1M. 

EXAMPLE 1 

The nitrate containing sodium hydroxide solution was intro- 
duced into the cathodic compartment where nitrate reduction and 
water electrolysis were the two main reactions. Two consecutive 
reactions for nitrate reduction took place with the reutilisation 
of the original catholyte for nitrate removal by means of the 
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ion-exchanger: 76 % of the nitrate was reduced in the first and 
total nitrate reduction was achieved in the second cycle. 

In the final solution the sodium hydroxide concentration had 
increased from 0.28 to 2 M in the first and 0.36 to 2.036 in the 
second cycle. That was due to the sodium transfer from the ano- 
lyte through the cation exchange membrane. In the anodic compart- 
ment the hydroxide ion solution was neutralised, and the sodium 
concentration decreased from 1.96 to 0.27 M in the first and 2.03 
to 0.28 M in the second cycle. Volumetric changes in the two com- 
partments resulted in a significant increase of the volume of the 
catholyte and a decrease of the anolyte volume. 

Part of the catholyte was used for further nitrate removal 
nitrate by the ion exchanger and the other part served as anolyte 
in the second cycle. Consequently the configuration of the second 
cycle was: 

• For the anodic compartment, a large part of the final cathodic 
solution of the first run only; 

• For the cathodic compartment, a small part of the cathodic so- 
lution with new amount of nitrates, and rinsing solution. 

Example parameters and results are depicted below: 



FIRST CYCLE 



TIME 
(hours) 


Current 

Intensity 

(Amp) 


Tension 
(volts) 


CATHOLYTE 


ANOLYTE 








Vol ap- 
prox. 
(Litres) 


[OH' ] 
(mol/L) 


[N0 3 ~ ] 
(mol/L) 


[NCV ] 
(mol/L) 


[NH 4 + 1 
(mol/L) 


Vol ap- 
prox. 
(Litres) 


[OH- ] 
(mol/L) 


0 


40 


3 .18 


9 .70 


0 .28 


1 . 79B-01 


0 . 00E+00 


0 .00E+00 


9 .80 


1 . 96 


1.5 


40 


2.9 


9 .90 


0 .54 


1 . 56E-01 


2 . 74E-03 


1.06E-02 


9.50 


1.76 


3 


40 


2 .85 


10 .10 


0 . 80 


1 .293-01 


3 .35E-03 


1.90S-02 


9.25 


1 .59 


6 


40 


2 .9 


10 .40 


1.23 


9 . 78E-02 


3 . 29E-03 


3 .30E-02 


8 .70 


1.18 


a .17 


40 


2.99 


10 .60 


1.52 


8 .60E-02 


3 .28E-03 


4 .483-02 


8.30 


0.87 


9.5 


40 


3 .09 


10 .70 


1 . 69 


7 .24E-02 


2 .46E-03 


3 .635-02 


8 .10 


0 . 67 
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12 


40 


3.88 


10.80 


2.00 


4.32E-02 


0.00E+00 


3 .27E-02 


7.60 


0.27 



For the second cycle - the catholyte was prepared as it 
leaves the ion-exchanger including rinsing steps. A part of the 
catholyte had been used for nitrate removal. The nitrate concen- 
tration was lower than in the first cycle. 

The anolyte was part of the catholyte, 10 litres of used 
catholyte . 
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The reactions involved are the following. 

Nitrate reduction at the cathode: 

i 

NCV + H 2 0 + 2e" — > N0 2 " + 20H" (1) 

N0 2 " + 2H 2 0 + 3e" MN 2 + 4 OH" (2) or N0 3 " + 3H 2 0 + 5e~ -> %N 2 + 60H" (3) 

N0 2 - + 6H 2 0 + 6e" -» NH 4 + + 80H~ (4) or N0 3 " + 7H 2 0 + 8e" — > NH 4 + + 10OH" (5) 

Water electrolysis with hydrogen evolution at the cathode and 
oxygen evolution at the anode: 

Cathodic reaction: H 2 0 + 2e" -> 20H" + H 2 (6) 

Anodic reaction: H 2 0 -> 2H + + 2e" + %0 2 (7) 

The transfer through the cation exchange membrane concerns 
only the proton and Na + for the first cycle and some NH 4 + in the 
second cycle. 

The cumulative faradic yield for nitrate reduction was 55% 
in the first and 40% in the second cycle. This value is calcu- 
lated with the following formula: 

Rd%(t) - (C '=° x - C < x V < } x An x 96500 (8) 
t x i 

C t =o and C t are the nitrate concentrations at time t=0 and t 
V fc= o and V t are the solutions volume at time t = 0 and t 
An number of transferred electrons (An=8) 
i the intensity applied (i = 40 Amp) 

The nitrate concentration and the product concentration of 
the reduction are displayed in the following figures: 
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The ammonium ion concentration in the second cycle decreases 
as the reaction advances because of its oxidation on the anode 
following reactions (4) and (5) . 

EXAMPLE 2 

As was demonstrated in the previous example, the concentra- 
tion of sodium hydroxide - which is used for regeneration of the 
ion exchanger and as supporting electrolyte for the nitrate re- 
duction step - increases in the catholyte and decreases in the 
anolyte. In Example 1 the possibility to re-use the high concen- 
tration in the catholyte for the next cycle was demonstrated. 

In this example, the possibility to add a regeneration step 
in order to neutralise the catholyte and regenerate the anolyte 
for use it for the next cycle is shown. This regeneration can be 
performed after or during the reduction cycle. Example 2 exempli- 
fies a simultaneous regeneration of the electrolyte and a nitrate 
reduction. 

During the nitrate reduction process, the current intensity 
was inverted when the anolyte concentration reached 0,3 M. The 
nitrate reduction was carried out at 40 A (1 kA/m2) . In the re- 
generation step the current density was 2 kA/m2 . The results are 
summarized in the following table. 
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The water hydrolysis, which produces protons and hydroxide 
ions according the half reaction (7) and (6) , explains the varia- 
tion of the sodium hydroxide concentration shown on the following 
figure. The Paradic yields for the water hydrolysis is close to 
100% during the reduction step and close to 90% during the regen- 
eration step for the catholyte and the anolyte. 



[NaOHJ variation vs time 
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The efficiency of the nitrate reduction was not affected by 
multiplying regeneration cycles as is shown in the figure below. 
The figure represents the nitrate concentration variation against 
time. The cumulative faradic yield values are calculated for the 
three reduction cycles and are equal to 49,9%, 26,8% and 16,8%. 
These values decrease with the decreasing of the nitrate concen- 
tration as the reaction advances. The global faradic yield ob- 
tained is 33% for 80% nitrate destroying, which is value always 
obtained on the same conditions in different tests. 
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Increase in the nitrate concentration noticed during the 



Nitrate reduction 
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both regeneration cycles is due to the water consumption and the 
volume depletion of the catholyte. 

The concentration of ammonium ion in the catholyte and the 
anolyte increases with the time. However during the regeneration 
cycle, the current inversion causes the transfer of ammonium 
through the cation exchange membrane (CEM) from the catholyte to 
the anolyte. The transport number t CEM (NH 4 + ) evaluated for the am- 
monium ions are close to 0,1-0,2 and for the sodium to 0,9-0,8. 
The affinity of the CEM for the ammonium or sodium depend on the 
rate of [NH 4 + ] / [Na + ] in the catholyte and on the species diffusion 
constant which is five time more important for the sodium ions 
that for ammonium ions . 



For the simultaneous regeneration the contamination for am- 
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monium ions does not exceed 2.10" 3 M. 

This example demonstrates the feasibility of end regenera- 
tion or simultaneous regeneration. In this way one can reduce ni- 
trate under ideal conditions with the possibility to regenerate 
the anolyte at the moment when it is needed. That would result in 
an increase of cell voltage and a better economy for the overall 
system. The contamination of the anolyte after its regeneration - 
as ^concentrated" sodium hydroxide" can easily be re-utilised for 
collecting nitrate from the ion exchanger since it has no insig- 
nificant contamination . 

EXAMPLE 3 

In Example 2, the catholyte and the anolyte were regenerated 
simultaneously with the nitrate reduction step. In this example 
the possibility of regenerating the solutions after a complete 
nitrate reduction step is demonstrated. The regeneration was per- 
formed to neutralise and strip the catholyte and reconcentrate 
the anolyte by polarity reversal. Thus, in this way, after a cy- 
cle reduction-regeneration, a catholyte can e obtained with in- 
significant pollution which can be used as flushing solution or 
discharged as harmless waste. The reconcentrated anolyte solution 
can be used as anolyte or regeneration solution for the ion ex- 
changer . 

After the nitrate reduction operation, the current intensity 
was inverted in order to regenerate both solutions. The nitrate 
reduction was carried out at 40 A (lkA/m 2 ) and in the regenera- 
tion step the current density was 2 kA/m 2 . 

The results are summarised in the following table: 
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TIME 
(hrs) 


Cur- 
rent 
Inten- 
sity 

(IDA) 


Tension 
(volts) 


CATHOLYTE 


ANOLYTE 








Vol ap- 
prox . 
Litres 


[OH" ] 
mol/L 


CN0 3 " ] - 
mol/L 


[N0 2 - ] 
mol/L 


[NH/J 
mol/L 


Vol approx, 
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[NH/] 
mol/L 


[OH" ] 
mol/L 
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At the end of this test, the catholyte can be used as flush- 
ing solution and a part of the anolyte (reconcentrated after re- 
generation) can be used for the regeneration of the ion ex- 
changer . 

After the regeneration of the electrolytes - a second com- 
plete cycle - further nitrate reduction and electrolyte regenera- 
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tion was carried out. The catholyte was composed of the spent 
catholyte + 2 . 1L spent and regenerated anolyte + 160g NaN0 3 . The 
anolyte was 8.2L of spent and regenerated anolyte + 1.8L water. 



TIME 
(hours) 


Current In- 
tensity (A) 
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The water hydrolysis, which produces protons and hydroxide 
ions according to the half reaction (7) and (6) , explains the 
variation of the sodium hydroxide concentration shown in the fol- 
lowing figure. The faradic yields for the water hydrolysis is 
close to 100% during the reduction step and close to 80% during 
the regeneration step for the catholyte and the anolyte. 
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The global efficiency of the nitrate reduction for the first 
test was 40% for 78% of nitrate removal and 45% for 80% of ni- 
trate removal for the second test. The concentration of ammonium 
ion in the catholyte was higher than when the regeneration was 
simultaneous with the reduction and the regeneration step allow 
7 0% of the ammonium elimination, as is shown on the figure below: 
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CLAIMS 

1. A process for the removal and destruction of dissolved 
nitrate from ground water or aqueous effluents containing the 
same, especially water and effluents containing at most 500 mg/L 
of nitrate, which comprises a removal step where nitrate is 
eliminated from said water or effluent in the form of a more con- 
centrated solution thereof, and a destruction step where said 
more concentrated nitrate solution is subjected to an electroly- 
sis operation for nitrate destruction by electrochemical reduc- 
tion thereof, the electrolysis operation being performed in sev- 
eral cycles in a divided cell with anolyte and catholyte compart- 
ments, where said concentrated nitrate solution is initially used 
as a catholyte and spent catholyte is then used as an anolyte. 

2. A process according to claim 1, wherein said cell is di- 
vided into anolyte and catholyte compartments by means of a ca- 
tion exchange membrane . 

3. A process according to any one of the preceding claims, 
wherein said removal step comprises an operation selected from 
ion-exchange, electrodialysis and reverse osmosis. 

4. A process according to any one of claims 1-3, wherein 
said concentrated nitrate solution is used as a catholyte for a 
first cycle, spent catholyte from said first cycle is used as an 
anolyte for the next cycle and spent anolyte from said first cy- 
cle is used as a catholyte in said next cycle. 

5. A process according to any one of the preceding claims, 
wherein said removal step comprises an ion-exchange operation and 
where after a first nitrate reduction cycle a major part of the 
spent catholyte is used as the anolyte in the next cycle, a minor 
part of the spent catholyte is recycled to the ion-exchange op- 
eration so as to remove nitrate from a prior removal step there- 
from and spent anolyte is passed to the ion-exchange operation 
for use as a flushing solution for the ion-exchange nitrate re- 
moval step and then as the catholyte in the next cycle. 
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6. A process according to claim 4 or 5 , wherein the change 
from catholyte in one cycle to anolyte in the next cycle and the 
change from anolyte in one cycle to catholyte in the next cycle, 
respectively, are accomplished by recycling thereof into the op- 
posite compartment in said next cycles. 

7. A process according to claim 4 or 5 , wherein the change 
from catholyte in one cycle to anolyte in the next cycle and the 
change from anolyte in one cycle to catholyte in the next cycle, 
respectively, are accomplished by a reversal of the polarities of 
said compartments, respectively. 

8. A process according to any one of claims 1-3, wherein 
said removal step comprises an ion-exchange operation and where a 
reversal of the polarities of said anolyte and catholyte compart- 
ments is performed during the nitrate reduction cycle. 

9. A process according to claim 6, wherein an electrode se- 
lected from Pt, Ni, Cu, Pb, graphite, Hg, stainless steel, 
Hastelloy and Ti is used as a cathode and an electrode selected 
from Ni, Pt/Ti, Nb, Ti and Pt is used as an anode in the elec- 
trolysis operation. 

10. A process according to claim 7 or 8, wherein an elec- 
trode selected from Pt, graphite, Ni, Hastelloy, stainless steel 
and Ti is used as a cathode and an electrode selected from Pt, 
Ni, graphite, stainless steel and Ti is used as an anode in the 
electrolysis operation . 

11. An apparatus for the removal and destruction of dis- 
solved nitrate from ground water or aqueous effluents containing 
the same, which comprises a nitrate removal unit and a nitrate 
destruction unit in the form of an electrochemical cell divided 
into anolyte and catholyte compartments by means of a cation ex- 
change membrane, which units are arranged such that nitrate en- 
riched solution from said removal unit will initially enter the 
catholyte compartment of said cell, the apparatus being provided 
with means enabling the use of spent catholyte as anolyte later 
on in the destruction operation. 
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12. An apparatus according to claim 11, wherein said nitrate 
removal unit is selected from ion-exchange, electrodialysis and 
reverse osmosis units. 

13. An apparatus according to claim 12, wherein said ion- 
exchange unit comprises at least two separate ion-exchange col- 
umns or groups of ion exchange columns enabling the use of one 
column or group of columns for the removal of nitrate while the 
other one or the other group is regenerated, preferably by elec- 
trolyte from the electrochemical cell. 
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